Massive infantile spasms (MIS), a seizure disorder unique to infants, is considered an agedependent response of the immature brain to various insults and stressors. The seizures improve with ACTH and glucocorticoids, both major components of the brain-adrenal axis. We hypothesized that CNS levels of these hormones are abnormal in infants with MIS and studied CSF from 14 infants with MIS and 13 age-matched controls by analysis for corticotropin-releasing hormone (CRH), ACTH, cortisol, and interleukin-1-beta. ACTH levels in CSF of patients were significantly lower than those of controls, but differences in cortisol levels between patients and controls were not statistically significant. CRH levels in both groups were similar and fluctuated diurnally. These results indicate an alteration of specific CNS components of the brain-adrenal axis in MIS.
in 80 to 90% of patients and subsequent epilepsy in approximately 50%. [1] [2] [3] [4] A better understanding of the pathophysiology of MIS may lead to better treatment for both the seizures and the intellectual and neurodevelopmental sequelae of this entity.
We hypothesize that ACTH and GC are efficacious in MIS because they counteract an abnormality of the brain-adrenal axis. Such abnormalities might include increased abundance of corticotropin-releasing hormone (CRH) or a reduction of ACTH.
Methods

Patient population
Infants presenting to the neurology service of Childrens Hospital of Los Angeles (CHLA) between July 1988 and March 1991 with a clinical diagnosis of MIS and a hypsarrhythmic EEG 4 constituted the patient group. They underwent a lumbar puncture as part of an evaluation for the etiology of the syndrome. No patient was on ACTH or GC therapy at the time of the procedure. Age-matched controls were infants undergoing lumbar puncture for various reasons in CHLA or the emergency room. The use of CSF for the study was approved by the Internal Review Board for Human Studies of CHLA. The clinical characteristics of both groups of patients are delineated in the two tables.
Cerebrospinal fluid methodology
CSF was obtained into ice-chilled tubes and transferred immediately to −80 °C. Samples were aliquoted and, after the addition of 500 KIU/ml aprotinin, were kept at −80 °C. For CRH radioimmunoassay (RIA), 0.4 ml of CSF was lyophilized and reconstituted in 0.1 ml of assay buffer. For ACTH and cortisol analyses, 0.3 ml of CSF was lyophilized. Because of the limited volume of CSF available, not all hormonal tests were performed on each sample, as indicated in the tables.
Hormone assays
Amounts of CRH in CSF samples (CSF-CRH) were determined by RIA according to Vale, who generously provided the CRH-antiserum. 11 Radio-iodinated CRH was obtained from ICN Biomedical (Costa Mesa, CA). RIA sensitivity was 1 pg per tube (2.5 pg/ml). All samples were analyzed together, and the assay was repeated. ACTH was determined as previously described, 12 using antiserum and radio-iodinated ACTH obtained from ICN Biomedical. Sensitivity (10% difference from background) was 15 pg/ml CSF; interassay variability was <20% and was monitored by the determination of the same patient samples (at least three) in all assays. Cortisol was analyzed using an RIA kit obtained from Radioassay Systems Laboratories (Carson, CA). Assay sensitivity was 25 pg/0.5 ml. 12 All samples were analyzed for cortisol in the same assay. Human interleukin-l (IL-l)-beta was determined using an enzyme-linked immunosorbent assay (ELISA) kit (Cistron Biotechnology, Pine Brook, NJ). We found the sensitivity of the ELISA to be 50 pg/ml CSF.
Statistical analysis
Groups were compared using the Wilcoxon rank sum test (SAS program, Scientific Inst., Cary, NC). Correlation of variables was determined without assumption of normality or linearity using Kendall's rank correlation coefficient (SAS).
Results
As evident from the tables, there were no significant differences between patient and control mean age (p = 0.56) or between the times of CSF sampling. Three of the control infants were febrile at sampling time, but no significant effect of fever was seen on ACTH levels: mean ± standard errors were 49.0 ± 12.3 and 62.7 ± 8.0 pg/ml in febrile and afebrile patients, respectively. CSF-cortisol in two febrile controls (2.0 and 3.0 ng/ml) did not differ from those of afebrile controls (2.17 ± 0.15; n = 7). Only one CRH value of a febrile infant was available.
ACTH levels in CSF of infants with MIS (31.4 ± 3.35 pg/ml) were significantly decreased compared with age-matched controls (58.1 ± 6.68; p = 0.003; Wilcoxon test). Actual ACTH values are shown in figure 1. Cortisol levels in MIS patients (1.27 ± 0.11 ng/ml) were somewhat lower than in controls (2.24 ± 0.49), but this difference did not reach statistical significance (p = 0.08; Wilcoxon test). IL-1-beta levels were low or undetectable in all samples analyzed (six patients and three controls). CRH levels did not differ between MIS and control infants. Concentrations of CRH in infant CSF underwent diurnal variation. Since no samples were obtained between 10 PM and 8 AM, samples were divided into "early" and "late," before or after 3 PM. "Early" CSF-CRH levels were significantly lower than those obtained later in the day: 35.4 ± 3.8 versus 55.5 ± 3.8 pg/ml (p = 0.002). The diurnal variability in CSF-CRH was preserved in infants with MIS (36.0 ± 5.4 versus 51.8 ± 6.0 pg/ ml; p = 0.079), although to a lesser degree than in controls (34.8 ± 6.4 versus 60.0 ± 4.3 pg/ ml; p = 0.011). A graphic depiction of the diurnal fluctuation of CSF-CRH is shown in figure 2. Since no difference was found between CRH levels of patients and controls, the group was analyzed as a whole.
CRH levels in infant CSF were not significantly age-dependent (Kendall's rank correlation coefficient = 0.21). Cortisol levels in all infants' CSF correlated inversely with CRH levels (Spearman correlation coefficient = 0.08).
Discussion
The role of the brain-adrenal axis in MIS is unknown. A functional abnormality of the CRH-ACTH-GC regulatory loop is suggested by two lines of evidence: first, MIS, which responds poorly to conventional anticonvulsants, improves with ACTH and GC. 1-4,9,10 Second, CRH, which is regulated negatively by ACTH and GC, has been shown to be a convulsant in laboratory animals. [13] [14] [15] Hypothetical mechanisms for MIS may involve a decrease in ACTH or cortisol in the CNS, which is corrected by the administration of ACTH or GC. Alternatively, the latter may improve MIS by suppressing CRH synthesis or secretion. [16] [17] [18] CRH synthesis is increased by stress. 19, 20 Stress during a critical perinatal period can result in long-term effects: handling neonatal rats resulted in an increase in hippocampal GC receptors and preserved ability to perform learned tasks during senescence. 21 We hypothesize that early stress is the pathophysiologic denominator for MIS 6,7 via a long-term derangement of the brain-adrenal axis of these infants.
MIS is restricted to infancy. We have recently shown that the convulsant effects of CRH are age-dependent as well: CRH is a far more rapid and potent convulsant in infant, as compared with adult, rats. 22, 23 The "CRH excess" hypothesis predicts increased CNS levels of this neuropeptide. CRH levels were similar in MIS infants and in controls. The lack of increase in CSF-CRH levels in infants with MIS may be due to the nonhypothalamic origin of CSF-CRH. 24, 25 Whether CRH levels in specific brain regions in infants with MIS differ from those of controls is unknown. Since the spasms disappear spontaneously, usually within 1 year, [1] [2] [3] [4] autopsy studies of children with a history of MIS may be futile.
CRH levels in primate CSF follow a diurnal pattern, with a maximum at 7 to 10 PM and a nadir at 6 to 10 AM. 24, 26 Our data suggest that such diurnal variability is also found in human infants and is preserved in infants with MIS. A single study of CSF-CRH in children examined the CSF of 22 subjects aged 6 days to 15 years and found an inverse correlation of CSF-CRH with age. 27 In our population of infants aged 1 to 18 months, CRH did not covary with age. Different age ranges (only eight patients were 1 to 18 months old) and inclusion of patients with CNS barrier damage by these authors may account for the different results.
We have found markedly decreased amounts of ACTH in the CSF of infants with MIS. Similar results were reported by Nalin et al, 28 who did not study cortisol and CRH and found no difference in beta-endorphin levels between patients and controls. No correlation with age or diurnal variability was investigated.
Decreased CSF-ACTH in infants with MIS may reflect reduced brain synthesis, which is ameliorated by the exogenous ACTH used as therapy. Conversely, reduced amounts of CSF-ACTH may reflect an increased utilization of the neuropeptide in brains of infants with MIS, in analogy to other neurotransmitters. 29 Several authors postulate an intrinsic role for ACTH in the therapy of MIS independent of its elevation of plasma GC. 1, 9, 30 Our study, showing a far greater decrease in CSF-ACTH than in CSF-cortisol, is compatible with this view.
In the small number of CSF samples analyzed, IL-1 levels were very low in both infants with MIS and age-matched controls. In the rodent, IL-1 has been shown to increase the synthesis and the secretion of CRH and thus activate the brain-adrenal axis. [31] [32] [33] Hypothalamic neurons containing IL-1-beta have been demonstrated in humans. 34 The effect of this cytokine on hypothalamic or CSF-CRH in humans has not been reported.
In conclusion, we find altered CSF levels of brain-adrenal axis hormones in untreated infants with MIS. Put together with the therapeutic efficacy of ACTH and GC in MIS and with the age-specific convulsant potency of CRH, these findings suggest the involvement of the CRH-ACTH-GC regulatory loop in this infantile seizure disorder. Diurnal variation of CRH levels in infant CSF. CRH units are pg/ml. Kendall's rank correlation coefficient is significant (0.005). Table 1 Characteristics of patients with MIS NL Normal development. ND Nondetectable.
Table 2
Characteristics of control patients 
